Background Data linking risk of type 2 diabetes (T2D) and dietary patterns in Chinese populations are scarce.
Introduction
Although it is well accepted that nutritional factors play an important role in the aetiology of type 2 diabetes (T2D), information about the role of specific dietary compounds is limited. One reason for this is the fact that foods are consumed in combination and, therefore, a particular nutritional factor may not increase the risk of T2D in isolation, but as part of a dietary pattern. The study of dietary patterns addresses the effect of diet as a whole and thus may provide insight beyond the effects described for single nutrients and foods.
Quantitative approaches that have been used to derive dietary patterns include principal component analysis, 1 ,2 factor analysis, [3] [4] [5] cluster analysis [6] [7] [8] [9] [10] [11] and reduced rank regression. [12] [13] [14] Cluster analysis has an advantage over other quantitative approaches as it aims to identify distinct and relatively homogenous groups based on selected attributes (dietary variables). 15 A Western dietary pattern, characterized by high consumption of high-fat foods, red meat, processed meat and refined grains, as identified by factor analysis, has been associated with a higher incidence of T2D in some studies conducted in the USA. 16, 17 Information on dietary patterns and the risk of T2D in Chinese populations is scarce.
The aim of this study was to identify and characterize dietary patterns in a population-based sample of middle-aged women living in urban Shanghai, China, by using cluster analysis. We also report associations of dietary patterns with the incidence of T2D after 6.9 years of follow up and the combined effect of dietary patterns with other low-risk factors for T2D and the incidence of T2D in this population.
Methods

Study population
The Shanghai Women's Health Study (SWHS) is a population-based prospective cohort study of middle-aged women (40-70 years) conducted in seven urban communities in Shanghai, China. Details of the SWHS survey have been reported elsewhere. 18 From a total of 81 170 women who were invited to participate, 75 221 provided written informed consent and enrolled in the study (92.7% participation rate). Reasons for non-participation were refusal (3.0%), absence during the enrolment period (2.6%) and other reasons (health, hearing, speaking problems; 1.6%). After exclusion of women <40 years or 470 years at the time of interview (N ¼ 278), 74 942 women remained for the study. Participants completed a detailed survey including an in-person interview for assessment of dietary intake, physical activity and measurement of anthropometrics and other lifestyle factors. Protocols for SWHS were approved by the institutional review boards of all institutes involved in the study. Three Outcome ascertainment Incident T2D was identified through outcome follow-up surveys. A total of 2273 study participants reported having a T2D diagnosis since the baseline survey and, of those, 2270 participants had valid dietary data. We considered a case of T2D to be confirmed if the participants reported having been diagnosed with T2D and met at least one of the following criteria as recommended by American Diabetes Association 15 : fasting glucose level 57 mmol/l on at least two separate occasions, or an oral glucose tolerance test (OGTT) with a value 511.1 mmol/l, and/or use of hypoglycaemic medication (i.e. insulin or oral hypoglycaemic drugs). Of the self-reported cases a total of 1514 participants met the study outcome criteria and are referred to as 'confirmed' cases of T2D in the present study. Participants from whom information on fasting glucose and OGTT was only available at the second and third follow-up surveys are referred as 'probable' diabetes cases. Because information on the number of abnormal fasting glucose tests and OGTT was not collected in the first follow-up survey, nearly one-third of self-reported cases did not meet our confirmation criteria. Therefore, cases identified during the first follow-up survey could not be confirmed. We performed analyses for all T2D cases and confirmed cases only and found similar results. Thus, in this article we report results with all cases of T2D.
Dietary data
Dietary intake was assessed twice, first during the baseline survey and then at the first follow-up survey via an interviewer-administered food frequency questionnaire (FFQ). The FFQ includes 77 food items and food groups that cover 90% of foods commonly consumed in urban Shanghai during the study period. The FFQ was designed for and validated in this population. 19 To evaluate the validity and reliability of the FFQ, a total of 200 SWHS participants were recruited for a dietary calibration study. Study participants completed an FFQ at baseline and 24-h dietary recalls (24-HDR) twice per month consecutively for 12 months. Validity of the FFQ was evaluated by comparing intake levels of major nutrients and foods obtained from the second FFQ with those derived from the multiple 24-HDR. The median intakes for major nutrients, rice, poultry and meat derived from the second FFQ, and the 24-HDR were similar, with the differences ranging from 1.3 to 12.1%. Nutrient and food intake assessed by the FFQ and the multiple 24-HDR correlated very well, with correlation coefficients of 0.59-0.66 for macronutrients, 0.41-0.59 for micronutrients and 0.41-0.66 for major food groups. The reliability of the FFQ was assessed by comparing the correlation and median intake of nutrients and food groups obtained from the two FFQs that were administered $2 years apart. The median intake levels for selected nutrients and food groups derived from the two FFQs were similar, with differences <10%. When nutrient and food-group intakes were categorized into quartiles, FFQ and 24-HDR produced exact agreement rates between 33 and 50%. Misclassification to an adjacent quartile was common, ranging from 34 to 48%, whereas misclassification to an extreme quartile was rare (1-6%).
If women had been diagnosed with T2D, cancer or cardiovascular disease between baseline and the follow-up surveys, we used dietary data from the baseline FFQ in the analysis. For other participants we used the average of baseline and follow-up FFQ data. The Chinese Food Composition Tables 20 were used to estimate intake of energy (kcal/day) and other nutrients. We excluded from this study participants who had extreme values for total energy intake (<500 or 43500 kcal/day; N ¼ 36), 21 leaving 64 191 participants for the final analysis. Items from the FFQ as expressed in terms of proportion of total mass of food consumed (g/day) were aggregated into 11 mutually exclusive food groups: staples (rice, noodles, steamed bread, bread), pork, red meat (other than pork), poultry, eggs, fish and shellfish, soy foods (soy beans, bean curd, soy milk), vegetables, fruits, dairy milk and snacks/desserts (peanuts, candy, preserved fruit and desserts).
Other factors as potential confounders Anthropometric measurements, including weight, height and circumferences of waist and hips, were taken at baseline recruitment according to a standard protocol by trained interviewers who were retired medical professionals. 22 From these measurements, the following variables were created: body mass index (BMI; weight in kilograms divided by the square of height in metres), and waist-to-hip ratio (WHR; waist circumference divided by hip circumference).
Detailed information on physical activity was collected by using a validated questionnaire. 23 The validity of the questionnaire was evaluated by comparing Spearman correlations (r) for the physical activity questionnaire with two criterion measures administered over a period of 12 months (four 7-day physical activity logs and up to 28 7-day physical activity questionnaires). Significant correlations between the physical activity questionnaire and criterion measures for exercise were observed (physical activity log, r ¼ 0.74; 7-day physical activity questionnaire, r ¼ 0.80). Significant correlations between activities on the physical activity questionnaire lifestyle and activities on the 7-day questionnaire were also observed (r ¼ 0.30-0.88). The reproducibility of the questionnaire (2-year test-retest) was evaluated using kappa statistics and intraclass correlation coefficients ( ¼ 0.64; intraclass correlations coefficients: 0.14-0.54). 23 The questionnaire evaluated regular exercise and sports participation during the 5 years preceding the interview, daily activity and daily commuting activity (round-trip journey to and from work). We calculated the metabolic equivalents (METs) for each activity, using a compendium of physical activity values. 24 One MET-h/day is roughly equivalent to 1 kcal/kg/day or $15 min of participation in moderate intensity (four METs) activity for an average adult. 24 We combined each of the exercise and lifestyle activity indices to derive a quantitative estimate of overall non-occupational physical activity (MET-h/day).
Information on socio-demographic factors and other potential confounders such as age, level of education (none, elementary school, middle/high school, college), family income in yuan/year (<10 000, 10 000-19 999, 20 000-29 999, 430 000), occupation (professional, clerical, manual labourers, housewife/ retired), smoking (ever smoked one or more cigarette per day for 46 months continuously), alcohol intake (ever drank beer, wine or spirits three or more times per week) and presence of hypertension at baseline was collected by using a structured questionnaire.
Statistical analysis
From the 64 227 participants who were free of T2D and other chronic diseases (cancer and cardiovascular disease) at baseline, we excluded participants that had extreme values for total energy intake (<500 or 43500 kcal/day; N ¼ 36), 16 leaving 64 191 participants for the analysis. We used cluster analysis to identify dietary patterns and to segregate participants based on similarity of diet. Continuous food groups were standardized by converting to the standard normal deviate to ensure that clusters were not influenced by food groups with high specific gravity. We chose food variables because we wanted to identify food patterns clusters. K-means cluster analysis was used to define clusters of participants by using the cluster analysis procedure in Statistical Software (SAS). This procedure attempts to identify relatively homogeneous groups of participants based on selected characteristics, using an algorithm that can handle large numbers of cases. In K-means cluster analysis the homogeneity of cases within a cluster is measured by the total within-cluster sum of squares. Cluster memberships are determined by sequentially moving cases from one cluster to another so that the total within-cluster sum of squares is minimised. The algorithm requires the number of clusters to be specified prior to analysis.
To identify the optimal number of clusters, we conducted several runs with varying number of clusters. Each set of clusters was examined to find a reasonably sized solution. A cluster solution of four clusters, derived three major clusters and one small cluster (N ¼ 241, 0.38%). The small cluster was not included in subsequent analyses. To evaluate the robustness of the clusters, we performed a cluster analysis with a cluster solution of four clusters in a random sample of 50% of participants and derived clusters similar to those in the original analysis. We repeated this procedure a few times. Similar clusters to those in the original analysis were found 80% of the time.
Differences in food-group consumption were investigated using a non-parametric analysis of variance, the Kruskal-Wallis test. We investigated differences between clusters among continuous variables by using analysis of variance or the Kruskal-Wallis test, if the data were not normally distributed. We used the chi-square test to assess differences between clusters in categorical lifestyle factors and socio-economic status variables.
Person-years of follow-up for each participant were calculated as the interval between the baseline recruitment to the diagnosis of T2D, censored at death or completion of the third follow-up. The Cox proportional hazards model was used to assess the effect of dietary patterns on the incidence of T2D. We adjusted the analyses for socio-demographic factors and known T2D risk factors as potential confounders. We conducted analyses stratified by age group, BMI, WHR and exercise participation. The log-likelihood ratio test was used to evaluate the significance of these interaction terms. We also evaluated the combined effect of factors associated with a low risk of T2D. Factors included in the analysis were normal weight (cut-off point 23 for Asian populations 25 ), low WHR (cut-off point 0.85 26 ), exercise participation and a dietary cluster associated with lower T2D risk in this population. All analyses were performed using SAS (version 9.1), and all tests of statistical significance were based on two-sided probability.
Results
K-cluster analysis identified three distinct groups in this population. A total of 36 159 participants (56.3%) were in cluster 1, 25 948 (40.4%) in cluster 2 and 1843 (2.9%) in cluster 3. Medians for consumption (g/day) of each food group in each cluster are presented in Table 1 . The Kruskal-Wallis test revealed that food groups were consumed at different levels across the three clusters (data not shown). Cluster 1 had the highest median intake of staples, cluster 2 had the highest intake of dairy milk and cluster 3 had the highest intake of poultry, pork, red meat, fish and shellfish, eggs, fruits and vegetables and the highest energy intake. Nutrient intakes also varied by cluster, with cluster 1 having the lowest intake of vitamins and minerals and the highest carbohydrate intake (Table 1) .
Cluster 2 had the lowest prevalence of participants with general or central obesity and hypertension (Table 2 ). There were fewer smokers in cluster 2, whereas cluster 3 had the highest proportion of alcohol drinkers. We also found differences in socio-economic status characteristics among clusters. Participants in cluster 2 had higher income and were more likely to hold professional jobs and have a college education, whereas participants in cluster 1 had less education, lower income and were more likely to be retired or not employed at the time of the survey. Nutrient intake varied significantly across the clusters. Participants in cluster 1 had the lowest intakes of fibre, energy from fat, energy from protein, minerals and vitamins, and the highest percentage of energy intake from carbohydrates. Participants in cluster 1 were also less likely to take vitamin supplements. Participants in cluster 3 had the highest intake of all nutrients with the exception of carbohydrates. Cluster 3 participants reported a higher consumption of processed meats and were more likely to roast or fry their foods as compared with clusters 1 and 2 (data not shown).
When cluster 1 was used as the reference group, participants in cluster 2 had a lower incidence of T2D (Table 3) , whereas no association between the risk of T2D and being in cluster 3 was found. In fully adjusted analyses, including adjustments for BMI and WHR, the relative risks for clusters 2 and 3 were 0.78 [95% confidence interval (CI) 0.71-0.86] and 1.05 (95% CI 0.81-1.35), respectively. We stratified analyses by age group (<50 and 550 years) and found similar results. Sensitivity analyses, in which we excluded participants who had been diagnosed with T2D in the first 2 years of follow-up, showed similar results (data not shown in tables). In participants with low BMI (423), cluster 2 was not associated with a lower risk of T2D when compared with cluster 1, although the coefficient of interaction was not significant (Table 4 ). The association between dietary patterns and T2D did not differ by exercise participation or WHR categories.
When we investigated the combined effect of having a 'protective dietary pattern' for T2D with other factors associated with a lower risk for T2D (BMI 4 23, WHR < 0.85, and exercise participation), we found an inverse dose-response relationship between the number of factors associated with lower risk of T2D and T2D incidence ( Table 5 ). The relative risk (RR) for having none, 1, 2, 3 and 4 low-risk T2D factors w 1.00, 0.66, 0.38, 0.22 and 0.14, respectively (P trend < 0.001).
Discussion
In this prospective study we identified three dietary patterns by cluster analysis. The first dietary pattern had a higher intake of staple foods, the second dietary pattern had a higher intake of dairy milk and the third dietary pattern had a higher intake of most other food groups. The dietary patterns were associated with distinct nutrient intake profiles and differences in socio-economic status, overall obesity, central obesity and hypertension prevalence. The cluster 2 dietary pattern was associated with a lower risk of diabetes after 6.9 years of follow-up. We found that combining this dietary pattern with other known low-risk factors (BMI 4 23, WHR < 0.85 and exercise participation) resulted in an 86% reduction in risk of T2D.
Our results are in agreement with previous studies reporting that dietary patterns were related to other behaviours or socio-demographic characteristics. 2, 15, 27 Participants in cluster 2 were less likely to have ever smoked or to have general or central obesity than those in other dietary clusters, whereas participants in cluster 3 (the smallest cluster) were more likely to drink alcohol. We did not find significant differences in levels of physical activity among the clusters. Participants in cluster 1, the cluster with highest intake of staples and soy foods, had characteristics reflecting lower socio-economic status (more likely to have lower income, less likely to have a professional job and less likely to have lower education level). It has been suggested that a high intake of refined grains in China is more common in rural populations and lower-income segments of the population. Several studies have reported on dietary patterns in Western populations. In general, two main patterns have been reported, including a prudent or healthy dietary pattern, characterised by higher intake of fruits and vegetables and lower intake of fried or high-fat foods, 2, 11, 14, 15, 27 as opposed to a Western, traditional or conservative pattern, which is characterized by higher intake of fried foods, red meat and sweets/desserts. 4, 29, 30 The prudent dietary pattern has been associated with a lower risk of T2D, 2, 14, 17, 29 whereas the Western diet has been associated with a higher risk of T2D. 16, 17 Patterns identified by reduced rank regression (RRR) that were similar to the Western pattern have been associated with a higher risk of inflammation and insulin resistance. [31] [32] [33] Data describing dietary patterns in Asian populations are scarce. Some data are available on dietary patterns in Japan [34] [35] [36] [37] [38] [39] and China, including our population. 28, 40, 41 Using baseline dietary information and principal component analysis (PCA), we previously reported three major dietary patterns in this population: vegetable-rich, fruit-rich and meat-rich. 41 In the present study, we derived dietary patterns by using cluster analysis so that we could identify distinct groups and evaluate their associations with incidence of T2D. This also allowed us to estimate the combined effect of particular dietary patterns with other protective risk factors in the development of T2D. One small study of 119 men and women living in Beijing that also used cluster analysis derived three dietary patterns: 'fruit and milk', 'red meat' and 'refined cereal'. In that study, the 'refined cereal' cluster was characterized by a high intake of white rice, noodles, and buns and bread, which were the food items included in staples food group in our study. 28 We found cluster 2 to be associated with a lower risk of T2D when compared with cluster 1 in this population. One reason for this could be related to the difference in the intake of staples in these dietary patterns. The median intake of staples for cluster 1 was 303.6 g/day and for cluster 2 was 266.0 g/day, and rice intake was 225 g/day in cluster 2 as opposed to 250 g/day in cluster 1. We have previously reported in this population that the intake of staples, and rice in particular, was associated with a higher risk of T2D. 42 When we investigated the association between the three principal components previously indentified in this population 41 and the incidence of T2D, we found an inverse association between two of the components and T2D incidence. The RR of diabetes for the second, third, fourth and fifth quintiles compared with the first quintile were 1.00, 1.03, 1.04, 1.06 and 1.05, P ¼ 0.37 for the vegetable-rich pattern; 1.00, 0.82, 0.88, 0.87 and 0.81, P ¼ 0.01 for the fruit-rich pattern; and 1.00, 0.98, 0.87, 0.83 and 0.89, P < 0.01 for the meat-rich pattern. 41 The factor loading for rice in these two components (the fruit-rich and meat-rich patterns) was -0.40, which also suggests that a lower intake of rice might be associated with a lower risk of T2D in this population. Similarly, a recent study of dietary patterns in Japan reported that a dietary 
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Analyses adjusted for age, kcal/day, alcohol consumption, smoking, education level, income level, occupation and hypertension. In addition, the analyses stratified by BMI and WHR were adjusted for physical activity and for each other; the analysis stratified by physical activity was also adjusted for BMI and WHR. pattern that was characterized by lower intake of rice was associated with lower levels of glycated haemoglobin. 35 Data from a Japanese population reported an inverse association with glucose intolerance for a dietary pattern with high intakes of dairy, fruits, vegetables and starch, and low intake of alcohol (P for trend < 0.0001). The odds ratios (ORs) for having a glucose tolerance abnormality (impaired fasting glucose, impaired glucose tolerance or T2D) for the second, third and fourth quartiles were 0.80 (95% CI 0.62-1.04), 0.71 (95% CI 0.54-0.92) and 0.51 (95% CI 0.38-0.67), respectively, compared with the lowest quartile. A 'Japanese dietary pattern' was positively associated with impaired glucose tolerance. 39 The authors indicated that a Japanese diet might be characterized by being high in refined carbohydrates and low in protein, which is similar to cluster 1 in our study. In the study that identified dietary patterns using cluster analysis in Beijing, the refined cereals pattern was associated with higher homocysteine levels, a marker of risk for cardiovascular disease.
28
Cluster 1 also had a higher intake of soy foods than cluster 2. Although soy foods contain beneficial nutrients, such as phytoestrogens, these could be negatively impacted by consumption of food groups such as refined grains due to nutrient displacement (e.g. fibre). Thus, it is possible that the detrimental effect of a diet with high consumption of staple foods outweighs any protective effect or beneficial components from soy foods. However, in a previous report, soy beans and soy milk were associated with a lower incidence of T2D after 4.6 years of follow-up. No association between the intake of soy products (bean curd) or soy protein (reflecting total soy intake) with T2D was found in this population. 43 When compared with cluster 1, cluster 2 also had a higher intake of other food groups, such as vegetables and dairy milk, which have been associated with a lower risk of diabetes in our study population. Milk is a good source of magnesium and calcium, and those two nutrients have been associated with lower risk of T2D in some studies, [44] [45] [46] [47] including in our population. 48 Vegetable intake was also associated with a lower risk of T2D in our this population. 49 Several studies have shown that vegetables have a high content of antioxidants, 50 fibre 51 and magnesium, 52 all of which reduce the risk of T2D. In our study, intake of those nutrients was higher in cluster 2 compared with cluster 1.
Cluster 2 also had a higher intake of snacks/desserts (including peanuts, desserts, candy and preserved fruit) than cluster 1. We found peanuts to be associated with a lower risk of T2D 43 in this study, but did not find an association between sweets or desserts (unpublished data). Desserts and sweets have been found to be part of the Western dietary pattern associated with higher T2D risk. 16, 17 However, in our population consumption of desserts is low (median 10.7 g/day) compared with Western populations. Although in Shanghai dietary patterns are different from those in Western populations, the smallest cluster (cluster 3) had a higher proportion of alcohol drinkers, higher consumption of processed foods and higher daily energy intake. This cluster was associated with a higher risk of T2D when compared with cluster 2 (data not shown in tables). We have previously reported that processed meat consumption was associated with a higher risk of T2D in this population. 53 This group of women was also more likely to fry their foods than those in the other two clusters. Consumption of fried foods and processed foods have been associated with an overall dietary pattern linked to adverse health outcomes, including diabetes. 2, 16, 17 Our results on the combined effect of low-risk factors are consistent with findings from the Nurses Health Study, where a 90% reduction in risk of T2D was observed in women with five protective factors compared with all other participants after 16 years of follow-up. 54 Intervention trials have also reported benefits associated with the combined effects of diet and physical activity in prevention of T2D in high risk populations. [55] [56] [57] [58] It should be noted that the reproducibility and stability of dietary patterns derived by cluster analysis is not clear, 59 whereas dietary patterns derived using PCA have reasonable reproducibility and validity. We chose to use cluster analysis for this study, because this approach identifies relatively homogeneous groups based on individual differences in mean intake and the results are easier to interpret than results derived from PCA. PCA is a data reduction technique that reduces the complexity of diet to a small number of dimensions, based on the inter-correlations between dietary items. Strengths of our study include the following: our participants are representative of the middle-aged, female, Chinese population; the participation rate and follow-up rates were very high; we measured potentially important confounders; and we used repeated dietary measurements.
Limitations of our analysis should also be noted. A major concern is reliance on self-reports of T2D. In addition, imperfections in dietary assessment are always a concern in observational epidemiology. Although these imperfections are generally thought to be randomly distributed among categories of the outcome (non-differential), systematic imperfections that could bias risk estimates toward or away from the null value are a possibility. In addition, there is concern about the possibility of residual confounding. Because of the strong associations between the dietary clusters and other health behaviours in our population, it is likely that statistical adjustment cannot adequately control for confounding. Thus, risk estimates may be confounded by demographic and non-dietary lifestyle factors and might have been inadequately captured with the covariates we included in our multivariable models. There might also be limitations associated with the method used to derive the dietary patterns, and it should be noted that the reproducibility and stability of dietary patterns derived by cluster analysis are not clear. 59 In conclusion, we have shown that cluster analysis is effective in identifying major dietary patterns that segregate individuals within our population into groups with significant differences in intake of nutrients, smoking, alcohol intake, obesity prevalence and socio-economic factors. We identified a dietary pattern that was associated with a lower risk of T2D in this population. A favourable dietary pattern combined with low BMI, low WHR and exercise participation was associated with an 86% reduction of T2D in this population.
The principle implications of our findings highlight the importance of dietary patterns in the prevention of T2D in China and the combined effects of risk factors and the risk of T2D. The current study addresses an important issue, since Chinese people are facing a rapid nutritional and lifestyle transition accompanied by an increase in obesity. 60 As a consequence, T2D has become a major public health issue in China. The prevalence of T2D increased from 1.9 to 5.6% between 1993 and 2003 in China. 61 Thus, prevention of T2D through lifestyle factors should be a high public health priority.
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